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a b s t r a c t
Reconstructing the sequences of deposition of archaeological material is central to the interpretation of
archaeological sites and provides the foundations for how site chronology is understood. Generally
stratigraphy provides the most direct evidence for understanding depositional histories. However, in
certain instances stratigraphic relationships may be obscured or unobservable and therefore other
sources of evidence must be drawn upon for deﬁning deposits and reconstructing sequences of depo-
sition. This is a particular problem at dark earth sites, which are homogeneous in terms of the colour and
texture of deposits, and also in artefact-rich samples, which have little sedimentary matrix.
This paper explores the potential of a new approach to the analysis of bone taphonomic data for the
purposes of deciphering depositional histories when stratigraphy is unobservable. Integral to this
method is rigorous statistical analysis of modiﬁcation data combined with an assessment of the taxo-
nomic and anatomical composition of deposits, in terms of their susceptibility to modiﬁcation. This fa-
cilitates more conﬁdent interpretation of modiﬁcation patterns, as deposit composition can be
discounted from responsibility for signiﬁcant differences. The approach is tested on a sample area of the
later prehistoric midden of Potterne, Wiltshire, UK. Through detailed recording and statistical analysis of
bone modiﬁcations (weathering, gnawing and trampling), this research demonstrates that bone
taphonomy is not only useful for identifying distinct depositional events in apparently homogeneous
strata, but can also provide detail on the nature of processes responsible for the formation of the deposit.
© 2014 Elsevier Ltd. All rights reserved.
1. Introduction
The study of taphonomic modiﬁcation plays an increasingly
important role in zooarchaeological research. It is now widely
recognised as critical to the interpretation of faunal assemblages
and deciphering problems of equiﬁnality (e.g. Bartosiewicz, 2008;
Behrensmeyer, 1993; Lyman, 2008: 264; Marean and Cleghorn,
2003; Outram, 2004: 181; Uerpmann, 1973). However, in spite of
the recognition of the importance of taphonomic processes, it is
rare that faunal data collection incorporates a comprehensive suite
of taphonomic variables, especially outside of Palaeolithic
zooarchaeology (exceptions include Atici, 2006; Bar-Oz and Adler,
2005; Bar-Oz and Munro, 2004; Bar-Oz et al., 2005; Gal, 2008;
Madgwick, 2008, 2010; Montalvo et al., 2008; Randall, 2010; Rus-
sell, 2010; Symmons, 2005a; Thompson, 2005; Verzi et al., 2008).
When modiﬁcations are recorded, the resultant data is rarely fully
exploited and is often conﬁned to ﬂeeting comments about pres-
ervation with little interpretation in terms of social practice. This is
perhaps understandable, as taphonomic data is by its very nature
concerned with poor preservation and destruction and therefore it
is frequently incomplete, overprinted or ambiguous. However,
these issues do not render taphonomic data obsolete. This paper
argues that, through more rigorous statistical analysis of tapho-
nomic data, new insights can be gained, not only concerning the
treatment of animals and their remains but also wider social
practices relating to the formation of archaeological sites.
This research involves a pilot study examining the potential of
statistical analyses of taphonomic data for the purposes of recon-
structing depositional histories at an artefact-rich site with no
observable stratigraphy. These sites are relatively common
throughout the world, with stratigraphy frequently obscured by
dark earth matrices. Examples range from shell and bone middens
in Brazil (e.g. Villagran et al., 2009) to urban areas in northern
Europe (e.g. Devos et al., 2007, 2011; Vannieuwenhuyze et al.,
2012). At such sites, excavation is frequently undertaken using
arbitrary ‘spits’, vertical divisions usually of 5 or 10 cm in depth and
1 m/0.5 m squared in area to provide spatial control (e.g. Lawson,
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2000; Lodwick and Gwilt, 2005; Parker Pearson et al., n.d.). How-
ever, understanding of chronology, site formation and sequences of
deposition is generally very limited. Therefore a new approach to
reconstructing depositional histories when stratigraphy is absent is
required to overcome these problems.
2. Bone taphonomy
Analyses of the taphonomy of faunal material have considerable
potential for reconstructing depositional histories. Bones are
resistant enough to degradation that they survive in abundance in
the archaeological record (depending on the depositional envi-
ronment), but are also soft and malleable to the degree that they
can be altered by a range of processes, thereby taking an imprint of
their taphonomic history. Far fewer processes are traceable on ce-
ramics and lithics and the modiﬁcations which are analysed
frequently have uncertain or varied aetiologies (e.g. fragmentation,
abrasion).
The method presented in this paper focuses on perthotaxic
processes, those which affect bone before it becomes incorporated
into a deposit but after being discarded by humans (O'Connor,
2000: 20). Modiﬁcations resulting from these processes provide
evidence for the sub-aerial exposure of bones and include weath-
ering, gnawing, trampling, abrasion and mould staining. It is clear
that these processes do not affect all skeletal elements to the same
degree. A range of factors surrounding the structural properties of
bone fragments have been cited as impacting on the prevalence of
modiﬁcations including bone mineral density (see Dirrigl, 2001;
Elkin, 1995; Ioannidou, 2003; Kooyman, 2001; Kreutzer, 1992;
Lam et al., 1998; Lam and Pearson, 2004; Lyman 1984; Lyman
et al., 1992Q1 ; Pavao and Stahl, 1999; Symmons, 2005b, 2005c and
others), element shape (Henderson, 1987; Lam and Pearson, 2004;
Stiner, 2004) and fragment/element size (Conard et al., 2008).
Whilst a useful starting point, these ﬁndings largely derive from
actualistic studies conducted on modern material and do not take
account of the effect of subterranean processes on modiﬁcation
signatures. Other studies rely on observations of small samples that
are not empirically tested. Until now no large-scale analysis of
archaeological material has been carried out to characterise which
variables are most important in dictating modiﬁcation and which
classes of remains are most likely to be affected.
Only through understanding inherent susceptibilities of
different classes of bones, can biases relating to the composition of
samples be discounted from responsibility for variation in the
prevalence and severity of modiﬁcation. Once such biases are dis-
counted, differences in bone modiﬁcation can be conﬁdently used
to reconstruct depositional practice. Recent research by the authors
has provided a more comprehensive understanding of the classes
of remains that are most likely to be affected by modiﬁcations in a
British context. This involved the multivariate statistical analysis of
large samples of taphonomic data from zooarchaeological material,
comprising c. 40,000 identiﬁable fragments from 11 sites (see
Madgwick, 2011;Madgwick andMulville, 2012). Classiﬁcation trees
were used to identify which overarching variables have the greatest
impact on modiﬁcations (e.g. element, taxon, site, fusion) and
ordinal and binary logistic regression was employed to establish
the categories of those variables (i.e. speciﬁc elements or taxa) that
are most likely to be affected. Therefore patterns of modiﬁcation
relating to the inherent biases in the composition of a sample can
be separated from those that are useful for reconstructing deposi-
tional histories.
In this paper, bias in the composition of a sample linked to
increased modiﬁcation is termed ‘compositional susceptibility’.
This oversimpliﬁes what analysis is testing, as it is not strictly
which bones are most susceptible to modiﬁcation but rather which
are most likely to exhibit modiﬁcation in archaeological deposits.
This is mediated by survival biases and the taphonomic paradox (see
Madgwick and Mulville, 2012), whereby it is the robust fragments
that survive degrading processes that in fact exhibit the greatest
evidence of modiﬁcation. Equipped with new data on biases
affecting modiﬁcation, this paper explores the potential of recon-
structing depositional histories through statistical analysis of
taphonomic data using a sample area of the midden site of Potterne
as a case study.
3. Materials and methods
3.1. The sample area
This study is conducted on a 16 m2 sample area of the Late
Bronze Age/Early Iron Age midden site of Potterne, Wiltshire UK.
This midden comprised thick, artefact-rich deposits but stratig-
raphy was unobservable due to the homogeneity of greensand
derived soils and consequently site formation is poorly understood.
The site represents a monumental accumulation of cultural debris,
covering an area of c. 3.5 ha and having deposits up to 1.4 m thick
(Lawson, 2000: 13). It is exceptionally artefact-rich and projections
from the c. 1% excavated area indicate that the midden may
comprise well in excess of 13 million bone fragments in total (see
Locker, 2000). A vast ceramic assemblage was also recovered along
with modest quantities of metalwork and worked stone. The vast
Fig. 1. Schematic diagram of trenches 2, 3 and 12, with the 16 m2 sample area high-
lighted (adapted from the Potterne archive, produced by Andrew Lawson).
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accumulations, dominated by bones of caprines (41%), pigs (29%)
and cattle (27%) are interpreted as resulting from periodic feasting
events, but the scale and frequency of these feasts, the nature of
deposition and the character of activity outside of feasting events
remains poorly understood. Previous research that aimed to
reconstruct depositional histories at Potterne provided problematic
results. The most substantial study, which assessed ceramic type
distribution and bone fragmentation, suggested a steady, gradual
accumulation over the excavated area (Reilly et al., 1988). However,
evidence of layering from weathered sections described in Lawson
(2000) suggests that this oversimpliﬁes patterns of accumulation.
Results from soil micromorphological analysis provided improved
resolution on site formation processes (Macphail, 2000); particu-
larly surrounding animal stalling and trampling but analysis pro-
vided only limited evidence for phases of activity.
In the absence of stratigraphy, the site was excavated in 10 cm
spits and 1 m squares (described as zones and columns in Lawson,
2000). The 16 m2 sample area that this paper focuses on was at the
north-west of trench 12 (Figs. 1 and 2) and beneﬁts from having a
fully analysed ceramic assemblage providing potential for future
integration of data. In this area the midden comprised deposits of
up to 140 cm in thickness, excavated in 14 spits (spit details in
Table 1). All bones from each spit were fully analysed, with the
exception of the upper three spits, which were cited as having been
heavily disturbed by ploughing (Locker, 2000: 101). No bones were
recovered from the bottom spit (level 14). The sampled area
comprised more than 10,000 fragments of which more than 3000
were identiﬁable.
3.2. Taphonomic analysis
During data collection a broad range of taphonomic processes
were recorded including weathering, gnawing, trampling, abrasion,
mould staining and fracture patterns. These were recorded for all
elements that could be identiﬁed to species except loose teeth.
Previous analysis indicated that weathering, gnawing and tram-
pling were the most effective indicators of sub-aerial exposure
(Madgwick, 2011). Therefore statistical analysis focused on these
modiﬁcations. Abrasion, mould staining and fracturing could have
been included have more complex aetiologies and may in some
instances occur in subterranean environments (Madgwick, 2011).
Fracture freshness (Outram, 2001) was also incorporated in testing,
as it has the potential to complement perthotaxic evidence and
indicate practices responsible for accumulation. However, in prac-
tice, fracture freshness scores (Outram, 2001) showed a high degree
of homogeneity, had little interpretative potential in this study and
are therefore not reported here. Other variables such as fragment
counts were also considered in interpretation.
Weathering is arguably the most important modiﬁcation, as it
provides some, albeit complex, indication of the duration of sub-
aerial exposure. Weathering was recorded using Behrensmeyer's
(1978) six stage method for medium/large mammals. As the
severity of scavenger gnawing does not reﬂect exposure duration,
only presence/absence was recorded. Gnaw-marks were identiﬁed
following published criteria by Buikstra and Ubelaker (1994: 98),
Fisher (1995: 36) and Haynes (1980, 1983) and include striations,
furrows, pits, punctures, square-based grooves and ragged edges.
Rodent gnawing was not included as it can occur in subterranean
contexts. Animal trampling generates much more subtle modiﬁ-
cations, taking the form of closely spaced, multiple sub-parallel
striations (Fig. 3). Although trampling is a major cause of frag-
mentation in faunal assemblages, bone breakage has a varied
aetiology and cannot be directly attributed to this process. Pres-
ence/absence of striations was recorded following the guidance of
Andrews and Cook (1985).
Fig. 2. Schematic diagram of the 16 m2 sample area.
Table 1
Details of midden spits and their broad description following Lawson (2000) Q5.
Spit Depth below topsoil (cm) Status
1 1e10 Plough-affected
2 11e20 Plough-affected
3 21e30 Plough-affected
4 31e40 Midden
5 41e50 Midden
6 51e60 Midden
7 61e70 Midden
8 71e80 Midden
9 81e90 Midden
10 91e100 Midden
11 101e110 Midden
12 111e120 Midden
13 121e130 Midden/occupation layer
14 131e140 Occupation layer (no bone)
Fig. 3. Example of trampling striations on a cattle mandible. Note their close spacing
and sub-parallel alignment (Photograph: R. Madgwick).
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3.3. Statistical analysis
Analysis compared the levels of modiﬁcation in each spit in the
sample area with all other spits to identify signiﬁcant differences.
Rather than just comparing those that abutted each other, multiple
pair-wise comparisons were conducted, to provide both speciﬁc
differences and more generalised patterns of modiﬁcation
throughout the layers. To retain higher resolution, spits were not
amalgamated in testing, although the sixteen 1 m2 columns in any
single spit were treated as a single entity. This may mask spatial
variation but the scale of deposition in evidence at the site suggests
that testing a comparatively large area is more meaningful in terms
of depositional practice. Further analysis has the potential to reveal
spatial variation, although dividing the sample will in some in-
stances provide prohibitively small datasets for statistical testing.
Simple tests of statistical difference were used to compare
modiﬁcation in the different spits. Multiple pair-wise comparisons
were carried out for each modiﬁcation separately: chi-square for
nominal data categories (gnawing and trampling) and Man-
neWhitney for ordinal data categories (weathering). Analysing
weathering as an ordinal data category ensures that the intensity,
as well as the frequency of the modiﬁcation is assessed. In addition,
chi-square pair-wise comparisons were also conducted to assess
whether differences in modiﬁcation could result from spit
composition. This involved testing for differences in the proportion
of specimens from taxa and elements demonstrated as inherently
more likely to exhibit modiﬁcation in previous analyses
(Madgwick, 2011; Madgwick and Mulville 2012; see Table 2). For
example if spit a was signiﬁcantly more weathered than spit b, this
may not represent more prolonged exposure, but may rather result
from the spit having a higher proportion of specimens that are
susceptible to modiﬁcation. Therefore if tests demonstrate that
there is no signiﬁcant difference in the proportion of susceptible
specimens between the two spits, then the variation in modiﬁca-
tion can be interpreted as resulting from genuine differences in
depositional history. Seven series of pair-wise tests are presented:
Table 2
Summary of element and taxon categories that were identiﬁed as signiﬁcantly more
frequently affected by modiﬁcations in multi-site analyses (Madgwick, 2011, 2010);
these categories are used in chi-square comparisons of composition.
Taphonomic Variable Susceptible taxa Susceptible elements
Weathering Cattle, horse Mandible, long bones, pelvis/scapula
Gnawing Cattle Long bones, pelvis/scapula, Astragalus
/calcaneum
Trampling Cattle N/A
Table 3
Summary results and interpretation. The number of positive (i.e. more modiﬁcation or a greater susceptibility) and negative (i.e. less modiﬁcation or lower susceptibility)
results are noted in brackets. Pair-wise test results are graded according to the net number of signiﬁcant results (v. low¼ <5, low¼5 to3, medium¼2 toþ2, high¼þ3
to þ5, v.high ¼ >þ5). The fragment density ﬁeld provides a coarse indicator of the quantity of faunal remains (identiﬁed and unidentiﬁed combined, low ¼ <600,
medium ¼ 600e1000, high ¼ >1000) Q6.
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three to test differences in modiﬁcation and four to examine dif-
ferences in spit composition (see Table A.1).
These statistical approaches are not ﬂawless. Multiple pair-wise
tests are crucial for understanding differences in modiﬁcation
across the strata. However, comparing so many categories in this
way radically increases the chance of type I error, the erroneous
rejection of the null hypothesis, due to the non-independence of
tests. This problem is not easy to overcome in this study. The
standard approach is the application of Bonferroni corrections
(Rice, 1989) but this is impractical for the pair-wise comparison of
ten categories, as it would mean that a P value of <0.001, rather
than <0.05 would be required to attain statistical signiﬁcance. In
addition, Bonferroni corrections have been criticised as over-
conservative (Q2 Bland and Altman, 2005; Simes, 1986; Moran,
2003) and therefore relying purely on such a stringent level of
signiﬁcance may stiﬂe interpretable results. An alternative would
be to amalgamate spits to reduce the number of categories. This is
not considered viable, as comparisons would cease to be archaeo-
logically valid. Retaining the level of resolution provided by 10 cm
spits is crucial, as this arbitrary spatial control inevitably already
reduces the complexity of patterns of deposition. Therefore, the
application of these approaches is qualitatively cautious and in
results tables the most robust results which remain signiﬁcant
using the Bonferroni correction are highlighted separately to those
which are only signiﬁcant at the 0.05 level. Interpretation focuses
on the more robust results but still takes account of lower levels of
signiﬁcance that do not attain the conservative Bonferroni cor-
rected signiﬁcance level.
4. Results and discussion
Tables summarising results for each series of pair-wise tests are
presented in the appendix, as are tables showing fragment counts
and summary statistics on modiﬁcation prevalence.
4.1. General observations and pathways to interpretation
All modiﬁcations were relatively common in the sample area.
This frequency of alteration would be expected in surface accu-
mulating deposits, as even material relatively rapidly protected by
subsequent deposits is vulnerable to disturbance. The preponder-
ance of weathering and trampling showed considerable variation
between spits. Gnawing was more evenly distributed, produced
fewer signiﬁcant results and had less interpretative potential.
This technique uses variation in taphonomic signatures to
characterise different phases of activity. Reconstructing phases of
activity is a complex task in stratigraphically undifferentiated de-
posits, as spit excavation blurs the boundaries of activity phases
and differences between every spit can be recognised. Activity
phases have been identiﬁed based on two lines of evidence: sta-
tistically signiﬁcant differences in modiﬁcation that cannot be
explained in terms of compositional susceptibility and also the
quantity of faunal remains in the spit. Interpretation focuses prin-
cipally on results that attain the conservative Bonferroni corrected
signiﬁcance level, with additional reference to those signiﬁcant at
the standard level (<0.05). In the interests of brevity the different
signiﬁcance levels are not separated in the discussion, but are
presented in the appendix. A simpliﬁed summary of tests of dif-
ference, fragment densities and interpretations of accumulation
history is presented in Table 3. A summary table showing results
relating to only abutting levels is presented in Table 4.
Hiatuses duringwhich little deposition occurred are reﬂected by
high levels of all modiﬁcations, generally greater than abutting
levels. An abandonment phase during which no settlement is active
at the site can be similarly characterised, but would have less evi-
dence of gnawing and trampling, which require active agents of
modiﬁcation. Periods of severe disturbance are identiﬁed by the
homogenisation of signatures, where adjacent spits have a rela-
tively evenly distributed, high degree of modiﬁcation. This provides
a similar signature from a gradual build up through small-scale
deposits (e.g. by a small permanent settlement) but is likely to
differ in showing greater evidence of trampling. Phases of intense
accumulation are characterised by very low levels of modiﬁcation,
whereby material is rapidly protected by subsequent deposits.
Testing differences in composition is central to the valid
interpretation of taphonomic signatures. In using this method,
comparisons of composition may need to be altered to take ac-
count of prescribed modes of pre-depositional treatment. This is
unlikely to be frequently necessary, but daily life will often have
been structured by codes of practice throughout the human past
(see Hill, 1995; Randall, 2010) and at times these rules will have
extended to the depositional treatment of different classes of re-
mains (e.g. species, Madgwick, 2008, 2010; Madgwick and
Mulville, in press; Marciniak, 2005a, 2005b; Orton, 2012).
Species-speciﬁc modes of treatment can be rapidly identiﬁed
through site-wide testing. Preliminary pair-wise tests (MWU for
weathering, chi-square for gnawing and trampling were) were
undertaken for Potterne but provided no evidence for prescribed
practices relating to species (see Madgwick, 2011). There was
some evidence for variation in the treatment of fore- and hind-
limb elements and additional compositional tests were under-
taken to assess whether this could account for modiﬁcation dif-
ferences. None of the tests affected interpretation and
consequently they are not presented here.
In total 135 pair-wise tests for modiﬁcations and 180 tests for
composition are presented. A striking and relatively consistent
pattern was the importance of composition in mediating modiﬁ-
cation. Results frequently reﬂected patterns of compositional sus-
ceptibility, thereby reafﬁrming the dangers of interpreting
taphonomic signatures at face value. Taphonomic differences be-
tween spits that could not be accounted for by composition were
used to differentiate phases of accumulation. The following dis-
cussion uses the results to identify four phases of accumulation and
describes how periods of activity can be separated. Only results
most pertinent to interpretation are described and Tables A.4eA.10
can be referred to for full results. The ﬁrst identiﬁed phase (1) is
described in greater detail to clarify the process of differentiating
meaningful archaeological results from those that relate to inherent
biases in the composition of a deposit.
Table 4
Summary of results of tests of difference between abutting spits for the different
modiﬁcations and for compositional susceptibility. The arrow indicates a signiﬁcant
difference between abutting spits. > indicates that the upper spit has signiﬁcantly
greater than the lower spit. < indicates that the upper spit has signiﬁcantly less
modiﬁcation or compositional susceptibility. Yellow arrows signify that the differ-
ence was signiﬁcant at the Bonferroni corrected level (<0.001), whereas grey ar-
rows indicate that the difference attained standard conﬁdence levels (<0.05).
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4.2. Phase descriptions
4.2.1. Phase 1 (spit 13e12)
This phase was identiﬁed as comprising two spits (13 and 12)
and is thought to represent occupation deposits with a relatively
low density of bone. Material in spit 13 was signiﬁcantly more
weathered than two spits (5, 6) but had higher susceptibility in
terms of taxon composition than four (4e6, 11). Therefore it
showed less weathering than would be expected if all spits had
undergone identical depositional histories. Although gnawing tests
produced no signiﬁcant results, less gnawing is evident thanwould
be expected based on composition; seven tests showed signiﬁ-
cantly higher compositional susceptibility than other spits (4e6 for
both taxon and element, 11 for just element). This spit contained
signiﬁcantly more trampled fragments than ﬁve spits (4e6, 9, 12),
but also had a signiﬁcantly higher proportion of specimens from
susceptible taxa than four (4e6, 11). Therefore a prevalence of
trampled fragments would be expected, but differences in
composition alone cannot explain the more frequent trampling
compared to abutting level 12 and also level 9. Consequently results
indicate that the basal deposit was subject to relatively extensive
trampling.
Level 12 showed a slightly different pattern of modiﬁcation but
is likely to be part of the same phase of accumulation. Bone in this
spit was signiﬁcantly more weathered than four overlying levels
(5e6, 7, 9), only one of which (5) can be explained in terms of
compositional susceptibility. Signiﬁcantly more trampling was
present than in two levels (4, 5) but signiﬁcantly less was evident
than adjacent spits (10, 11, 13 and also 8). Compositional suscepti-
bility results were mixed but cannot explain differences between
level 12 and adjacent spits and therefore, overall less trampling is
present than would be expected if depositional histories had been
the same across spits.
This phase is interpreted as an occupation layer, the reduced
weathering and gnawing in spit 13, suggests relatively rapidly
accumulation through small-scale deposits whilst the prevalence of
tramping suggest the area was openly accessible to livestock at this
time. The increase inweathering seen in spit 12 is consistent with a
hiatus in deposition, with remains exposed to the elements for a
longer period, rather than being protected by subsequent deposits.
The limited trampling and gnawing evidence suggests little set-
tlement or other activity (and therefore few active taphonomic
agents) during the hiatus.
4.2.2. Phase 2 (spits 11e10)
Spits 11 and 10 had a greater density of bone, signalling an
intensiﬁcation of deposition. This material was more modiﬁed than
preceding levels and exhibited relatively homogeneous modiﬁca-
tion patterns. Level 11 was heavily weathered despite only mod-
erate susceptibility to modiﬁcation and exhibited the greatest
degree of trampling overall, higher than seven other spits (4e9,12);
differences with only three spits could be explained by composi-
tion. Level 10 also exhibited high levels of trampling and weath-
ering, and whilst compositional susceptibility was also high, this
could again not explain all signiﬁcant differences. There was
signiﬁcantly more weathering than four levels including abutting
spit 9andsigniﬁcantly more trampling than in six spits (4e6, 7, 9,
12) with composition only accounting for three of these differences.
Therefore spits 10 and 11 exhibit more modiﬁcation than would be
expected if all levels were exposed to the same degree.
The very similar modiﬁcation patterns in these spits indicate
widespread modiﬁcation and disturbance. These patterns suggest
gradual, piece-meal deposition with extensive disturbance and
turbation, causing both increased sub-aerial exposure and a ho-
mogenisation of modiﬁcation signatures as spits are mixed. It is
also plausible that the phase results from a single or very short
episode of deposition, followed by substantial disturbance. How-
ever, continuous deposition of small deposits combined with
disturbance is considered more likely due to the level of weath-
ering. Gradual accumulation would be more likely to promote
extensive weathering throughout the layers, as all remains would
be exposed for a time at the point of deposition. The small scale
dumping events would not fully protect previous deposits and
would in themselves cause disturbance. In addition the mixing of
different layers and high levels of trampling suggests livestock ac-
tivity, a key process of disturbance.
The intensiﬁcation of deposition may indicate the initiation of
the midden accumulation sequence (resulting from feasting
events). This primary stage is then followed by an interval with
little consistent deposition resulting in disturbance and modiﬁca-
tion associated with sub-aerial exposure. This phase lasted for a
period of at least months, but more likely years prior to the next
depositional phase. Therefore this period is best described as an
occupation phase, which perhaps intensiﬁed into a disturbed
middening phase. A separate phase of accumulation in the deepest
spits of the midden was recognised by Lawson (2000: 25), princi-
pally based on artefact density. This analysis provides greater res-
olution to the character and extent of this initial phase.
4.2.3. Phase 3 (spits 9e8)
This phase has been assigned two spits (9 and 8), which have
markedly different modiﬁcation patterns. Spit 9 signals a new
period of deposition with the ﬁrst clear evidence for large-scale,
rapid dumping and also had signiﬁcantly less weathering than
ﬁve levels including abutting 8 and 10, in spite of having high
susceptibility. No gnawing tests produced signiﬁcant results, but as
the spit had the highest compositional susceptibility to this modi-
ﬁcation, overall this suggests a dearth of gnawing in real terms.
Level 9 had signiﬁcantly more trampling than three spits (4e6) but
also had signiﬁcantly less than four levels, including two that abut
(8, 10, 11, 13). As this spit had the highest susceptibility to weath-
ering it exhibits far less modiﬁcation than would be expected if
depositional histories were identical across spits.
Spit8 had signiﬁcantly more weathering than four levels (5, 6, 7,
9); this can largely be explained by composition but the signiﬁ-
cantly greater weathering than overlying spit 7 could not be
accounted for. Spit 8 also comprised the highest proportion of
gnawed fragments (18%), signiﬁcantly more than three spits (4e6),
but these can all be explained by compositional tests. Signiﬁcantly
more trampling was evident than in six spits (4e6, 7, 9, 12). Only
three of these results (4e6) can be explained through composition
and therefore overall trampling is very common and clear differ-
ences are apparent with abutting levels.
The minimal modiﬁcation in spit 9 is interpreted as evidence for
very rapid accumulation with material regularly deposited in large
quantities over a period unlikely to be longer than weeks, allowing
little opportunity for weathering to occur. Spit 8 accumulated at a
similar rate and protected the underlying layer from modiﬁcation
but also exhibited extensive evidence of sub-aerial exposure,
indicating a subsequent lengthy interruption in deposition. Such a
clear difference in modiﬁcation between levels, in contrast to phase
2, indicates reduced disturbance and turbation, perhaps due to less
animal movement in the area. This is not in accordance with
trampling prevalence (partially explained by composition) andmay
indicate more a difference in the size of the trampling agents,
possibly with medium sized-rather than large mammals present
(roaming, foraging or penning). This would cause trampling, but as
lower energy agents, would not cause the same degree of distur-
bance. Such detailed interpretation is however speculative and
taphonomic patterns alone cannot provide this level of resolution.
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4.2.4. Phase 4 (spits 7e4)
Phase 4 represents a further intensiﬁcation of deposition in four
spits. The signiﬁcant difference inweathering between spits 7 and 8
indicates a substantial hiatus in activity between these levels.
Overall spit 7 exhibited little modiﬁcation; weathering evidence
was scarce with the sample exhibiting signiﬁcantly less than ﬁve
spits (4, 8, 10e12) in spite of having high compositional suscepti-
bility. Three signiﬁcant results showing a dearth of trampling in spit
7 could not be explained by composition. Spit 6 exhibited even less
modiﬁcation, with fourteen signiﬁcant results in pair-wise com-
parisons showing less modiﬁcation in this spit, but all except two
(more weathering in 4 and 12) were coupled with differences in
composition. When considering composition spit 6 exhibited
similarly low levels of modiﬁcation to spit 7.
Level 5 was of very similar character to level 6. Signiﬁcant re-
sults were produced in 17 pair-wise tests, with spit 5 always having
lessmodiﬁcation, but all but one of these (the greaterweathering in
spit 4) were matched with differences in composition. Taxonomic
composition differed greatly in spits 5 and 6 compared to all pre-
ceding layers, meaning much lower susceptibility to modiﬁcation.
Whilst this complicates interpretation, in absolute terms the spits
exhibit very little modiﬁcation and not all differences can be
explained in terms of composition. Although composition must
have had a substantial impact in mediating reduced modiﬁcation,
there can be little doubt that few bones from this layer underwent
prolonged exposure.
Level 4 exhibited a very different signature from the three
preceding spits. Weathering was signiﬁcantly more common than
in four spits (5e7, 9). This is surprising, as the sample had the
lowest susceptibility of all spits with nine negative results in taxon
and element tests. Therefore if all levels were subject to the same
degree of exposure, spit 4 should exhibit the least weathering. Little
gnawing was observed and patterns adhered to compositional
susceptibility. Absolute evidence of trampling was scarcer than in
any spit, with only 2% of specimens affected, signiﬁcantly less than
spits 7e13. However, all trampling patterns could be explained
through differences in composition, although such low levels must
indicate that little trampling occurred. The exceptionally severe
weathering indicates prolonged exposure but results from other
modiﬁcations are not in accordance. Gnawing and trampling
require active human/animal interference. In spite of bones being
sub-aerially exposed for prolonged periods, results indicate that
relatively little disturbance occurred. It is unlikely that patterns
result from percolation of taphonomically re-elaborated material
from overlying plough-affected layers, or that remains represent
laterally displaced material from the truncated ‘on-terrace’ area
(see Lawson et al., 2000: 254), as trampling and gnawing would
also be prevalent in both instances.
Taphonomic patterns in this phase provide a signature of rapid
accumulation through large deposits, with all but the uppermost
layer (representing a hiatus) showing little modiﬁcation. Spit 4 is
interpreted as an exposed horizon at the end of a period of rapid
accumulation of substantial quantities of material that created
approximately 40 cm thick deposits. The contrast between abun-
dant weathering and a lack of trampling and gnawing indicates that
an abandonment phase, during which agents of gnawing and
trampling are largely absent, ﬁts the data best. Another possibility
is that this area may have been fenced off allowing weathering to
occur but preventing modiﬁcations requiring active agents. This ﬁts
with the cycles of activity posited by Lawson et al. (2000: 258e60),
with areas demarcated for certain activities cyclically. To identify
abandonment conﬁdence further testing on different areas of the
midden is required, as the 16 m2 sample area cannot be considered
representative. This does not necessarily represent the ﬁnal use of
the midden, as it is likely to have been followed by later phases of
activity that have been obscured by ploughing (Lawson et al., 2000:
253).
4.3. Summary
The nature of activity in the study area can be summarised as
follows (also see Fig. 4). Phases 1 (spit 13e12) and 2 (11e10) show
homogeneous modiﬁcation patterns, suggesting stable periods of
accumulation, separated by a hiatus during which little deposition
occurred. This is probably indicative of a small permanent human
population in phase 1, which grows larger in phase 2 and includes
substantial numbers of livestock. Phase 3 (9e8) signals a change in
practice with the likely periodic inﬂux of a substantial temporary
population engaged in large feasting events, with a small perma-
nent population remaining in residence, as evidenced by the
trampling and gnawing in spit 8. In phase 4 (7e4), the low level
modiﬁcation in spits 7e5 suggests that accumulation of vast
quantities of material (30e40 cm thick) occurred quite rapidly, with
little disturbance. It seems unlikely that such a quantity of material
could result from a single vast feasting event but this possibility
cannot be excluded and it may be that deposition simply focussed
on the study area at a certain point in time. Alternatively periodic
feasting events may have intensiﬁed in scale and frequency. This
was followed by the abandonment of the permanent population
and the cessation of feasting practices, although later events may
be obscured in the plough-affected layers.
Whilst this analysis has reconstructed the depositional history
for one zone of the site, it is highly unlikely that the Potterne
midden, covering an area of 3.5 ha, would accumulate in a uniform
manner across its area. Therefore phases described here cannot be
Fig. 4. Schematic diagram with reconstructed phases of deposition. Image by J. Val-
lender (©English Heritage) and modiﬁed by I. Dennis, redrawn from Madgwick (2011).
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considered representative of the whole site. The aim of this
research was to test the application of the approach, rather than
reconstruct phases of deposition for the whole site. Results from
testing unequivocally demonstrate the value of taphonomic
modiﬁcation for reconstructing depositional histories and methods
signify a substantial advancement in the use of taphonomic data.
Although large numbers of tests are required, these analyses are
simple and can be undertaken very rapidly with multiple results
obtained in a single analysis using SPSS.
Many factors that cannot be traced archaeologically mediate the
rate, severity and prevalence of modiﬁcation (e.g. sub-aerial micro-
environment and taphonomic re-elaboration) and therefore it is
impossible to identify exposure durationwith precision. In addition
patterns of deposition will undoubtedly be blurred, as more than
one activity phase may be represented in a single spit and therefore
each spit will have a weaker signature than if the exact activity
phase could be deﬁned stratigraphically. However, by taking ac-
count of composition, the prevalence and severity of modiﬁcation
can indicate the degree of exposure at an ordinal level and signif-
icant differences signal shifts in depositional practice.
5. Conclusion
Stratigraphy should always be the principal criterion on which
to base interpretation of formation processes and therefore this
method is best suited to sites where stratigraphic relationships are
uncertain or unobservable. However, taphonomic analysis repre-
sents a useful supplement to stratigraphy in providing greater in-
formation on processes affecting material and agents responsible
for deposit formation, even if samples are prohibitively small for
statistical analysis. For example, taphonomic comparisons would
be useful for achieving improved resolution into processes of pit
inﬁlling. Results from programmes of testing in this chapter have
successfully disentangled the different phases of deposition and to
some degree the practices involved in midden accumulation. Re-
sults demonstrate that it is crucial to temper interpretation with
compositional comparisons, but raw patterns of modiﬁcation
should not be disregarded. Compositionmay account for signiﬁcant
differences between spits but this does not preclude interpretation
of raw taphonomic data, as modiﬁcations provide direct evidence
for processes that affect bones.
Findings further demonstrate the degree to which animal bone
taphonomy represents an under-exploited resource in archaeology.
By providing information far beyond that which is useful for
reconstructing humaneanimal relations, a greater focus on
taphonomy has the potential to extend the applications of
zooarchaeological data, allowing us to achieve a more nuanced
understanding of site formation processes.
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